variations will either destroy or create recognition sites for restriction enzymes that cleave genomic DNA at precisely defined sequences of 4-6 nucleotide pairs. By analyzing genomic DNA with one restriction enzyme and a radioacctive cDNA probe, different length fragments of DNA will appear according to the presence or absence of these recognition sites. The individual restriction fragment length polymorphism (RFLP) obtained provides a source of genetic markers that can be used to trace mutant genes to which they are linked through successive generations of families.
Eight restriction enzymes have revealed polymorphic patterns at the phenylalanine hydroxylase gene using a cDNA probe, i.e. a copy of the ~henylalanine hydroxylase gene (3). The mutations responsible for PKU is not detected by this type of analysis. However, since the cDNA probe contains the coding sequences of the ~hen~lalanine hydroxylase gene, the detected polymorphisms are due to harmless nucleotide variations in the gene that segregate in a Mendelian fashion. Thus, the polymorphic patterns have been used to trace the transmission of the mutant gene in PKU-families and RFLP haplotype analyses of the phenylalanine hydroxylase gene in PK11-families have succesfully been used for prenatal diagnosis and carrier detection of this inherited metabolic disorders ( 1, 2, 3 ) . The observation of multiple RFLPs at the phenylalanine hydroxylase gene has offered the possibility for haplotype analysis. An individual will be either homozygous or heterozygous with respect to the polymorphic fragments obtained after digestion with one restriction endonuclease. The combination of the restriction fragments obtained after digestion of an individual's genomic DNA with each of the eight restriction enzymes form a haplotype. By comparing the haplotypes associated with the mutant phenylalanine hydroxylase genes of a PKU-child with the haplotypes associated with the normal and the mutant genes of the parents, it is possible for each parent to assign the haplotype associated with the normal gene and the haplotype associated with the mutant gene ( 1, 2 ).
To establish the usefulness of DNA polymorphism in diagnosis of PKU the haplotypes have been determined in 38 Danish families, each with one or more affected sibs. Parental haplotypes of 37 families provided information on PKU status and 31 of these families were completely informative, i.e. permitting determination of affected, carrier and non-carrier sibs. No evidence for recombination was found in any of these families. Theoretically, the observed haplotypes will establish disease status in 87% (2).
Haplotype analysis in the Danish PKU-families revealed 12 different haplotypes. However, of the 152 chromosomes analysed 118 were associated with 4 haplotypes. A majority of the PKU-genes were associated with 2 of these common haplotypes, both of which were different from the predominant haplotypes associated with the normal genes. Preliminary investigations suggest a relationship between the phenotype of the affected child and the haplotypes associated with the mutant genes inherited from the parents (1). The observations of different haplotypes associated with R-thalassemia led to the strategy of sequencing only those mutant genes present in different haplotypes. This strategy has produced a high yield of previously undiscovered mutations in 8-thalassemia. If the PKU genes in the Danish population are the result of multiple mutations which occurred on chromosomes of the most common haplotypes, the same strategy is potentially applicable for the molecular characterization of the various types of phenylalanine hydroxylase. deficiency. X-1 inked Agammaglobul inemia or Panhypogamagl obul i nemia i s a severe antibody deficiency disease associated w i t h protracted and recurrent b a c t e r i a l infections. The disease was unraveled i n 1952 by showing the absence o f serumgamaglobulins i n a male p a t i e n t . Successively i t was demonstrated t h a t p a t i e n t s had serumlevels o f immunoglobulin isotypes l e s s than the lower l i m i t s o f the normal ranges f o r age, t h a t p a t i e n t s lacked plasmacells i n lymphoid tissues, t h a t they lacked antibodies t o various microorganisms o r toxins i n c l u d i n g diphteria, whooping cough, tetanustoxoid and p o l i o v i r u s against which p a t i e n t s had been vaccinated, t h a t pat i e n t s had a v i r t u a l absence o f surface I g p o s i t i v e B lymphocytes i n peripheral blood, b u t t h a t they had I g -h e a v y chain containing pre-8 lymphocytes i n bone marrow. Investigations a t the molecular genetic l e v e l i n d i c a t e t h a t most XLA-B lymphocytes are arrested during B lymphocyte d i f f e r e n t i a - Thus t o provide a method f o r XLA c a r r i e r detection markers encoded by genes segregating w i t h the XLA gene should be searched for. Such markers should be i n close l i n k a g e w i t h t h e XLA gene as t o make the chance f o r recombination between the marker and the XLA gene during meiosis as small as possible. The 8 generation pedigree provided an exceptional model f o r such studies i n t h a t i t could be demonstrated t h a t a l l p a t i e n t s and c a r r i e r s a c t u a l l y c a r r i e d the i d e n t i c a l defect w i t h i n the same genuine X l i n k e d gene. This excludes genetic complexity, a problem i n l i n k a g e studies encountered when m u l t i p l e pedigrees are analysed. Furthermore, pedigree analysis showed t h a t without therapy -a n t i b i o t i c s and gamnaglobulin s u b s t i t u t i o n -XLA p a t i e n t s deceased between 2 months and 8 years o f age, an information now used i n the recons t r u c t i o n o f the segregation p a t t e r n i n other pedigrees. W e have shown t h a t the genetic distance, which r e f l e c t s recombination frequencies, between Xg (a) and 12E7 markers located a t the telomeric s i t e o f the short arm o f the X chromosome and XLA i s a t l e a s t 20 centi-Morgans (1). A t present we use X chromosomal derived DNA probes recognizing polymorphic r e s t r i c t i o n s i t e s (RFLP). RFLP studies enable us t o walk from the telomeric s i t e o f the short arm o f the X chromosome t o the centromere and f u r t h e r along the long arm o f the chromosome. The available data suggest t h a t the XLA gene i s located around the centromere. Furthermore. from an analysis o f m u l t i p l e pedigrees heterogeneity o f XLA emerges.
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